The mycoplasma-like organisms observed in the sieve tubes of citrus plants affected by "Stubborn" disease have been obtained in pure culture in various media. The cultural, biological, biochemical, serological, and biophysical properties of a California and a Morocco isolate have been determined. Classical frjed-egg colonies were observed. An anaerobic environment (5% C 0 2 in nitrogen) favored growth on solid medium. Horse serum or cholesterol was required for growth. The temperature for optimal growth was 32 C. The organisms passed through 220-nm filters. Positive reactions for glucose and mannose fermentation and phosphatase activity were obtained. Negative reactions were observed for esculin fermentation, arginine and urea hydrolysis, and serum digestion. All biochemical and biological reactions were identical for both isolates except for tetrazolium reduction and hemadsorption tests. The organisms were resistant to penicillin but sensitive to tetracycline, amphotericin B, and other inhibitors. The cell protein patterns of the two strains were identical to each other but clearly distinct from those for known mycoplasmas. The guanine plus cytosine content of the deoxyribonucleic acid of both strains was close to 26 mol %, and their genome size measured 10' daltons. The studies reported here show that the two organisms recovered from "S tubborn"-affected citrus plants comprise a single serological group and that they are serologically distinct from recognized Mycoplasma and A choleplasma species in the order Mycoplmmatales. The cultural, biochemical, and biophysical properties of the organisms support the serological results, confirm the unique nature of these organisms, and justify their placement in a new genus, Spiroplasma, as a new species, S. citri. S. citri is the type species of the genus Spiroplasma. The Morocco strain (=R8-A2), designated as the type strain of S. citri, has been deposited in the American Type Culture Collection as ATCC 27556; the California strain (=C-189) has been deposited as ATCC 27665. The taxonomic position of S. citri is discussed. The final decision on the assignment of the citrus agent t o either the class Mollicutes or the class Schizomycetes must await further analysis.
After the discovery of mycoplasma-like struc-In the case of citrus, the first structures to tures (MLS) in the phloem tissues of plants have been described in the sieve tubes of infected with mulberry dwarf, potato witches' affected plants were those associated with broom, aster yellows, or Paulownia witches' "greening" disease ( 3 1). However, it was soon broom (13) , similar structures were soon found realized that these structures were more filat o be associated with many other affections of mentous than are ordinary MLS (32) , and it plants, all of which were considered until 1967 was later found that the envelope had a width to be of a viral nature. Several recent reviews of 15 to 25 nm, too large to be a simple unit discussed MLS in various plant diseases (10, 24 , membrane (50, 5 1). These structures have been 27, 37, 55) .
found in association with all forms of "green-INT. J. SYST. BACTERIOL. ing" disease that have been described throughout the citrus-growing areas of the world (5, 32, 50; H. Su, personal communication). From the nature of their envelope system, it is difficult to consider them, at the present time, as belonging t o the Mycoplasmatales, and they might very well represent a new type of phytopathogen. They have not yet been grown in culture.
Structures with apparently a unit membrane envelope were also observed in the phloem elements of citrus seedlings affected with "Stubborn" disease (28, 29, 32) . To ascertain the nature of these mycoplasma-like bodies and to study their role in the etiology of "Stubborn" disease, it was necessary t o obtain pure cultures of the agent. At the time, although survival and perhaps even multiplication of plant mycoplasmas in liquid medium had been inferred from indirect evidence (6, 21) , overt claims for isolation and cultivation of these organisms were not sufficiently convincing or substantiated by published evidence (9, 25, 33, 35) . Further documentation of these claims, to our knowledge, has not been made. In at least one report (22) , there is a suggestion that both fermentative and nonfermentative mycoplasmas are involved.
In attempting to isolate and cultivate the agent associated with citrus "Stubborn" disease, great care was given to the choice of the plant material. It was known that very young citrus leaves, but not mature leaves, from greenhouse-grown, "Stubborn"-affected, sweet orange seedlings were able to transmit the "Stubborn" pathogen with a high frequency of infection (4) . Furthermore, the number of M L S in the sieve tubes of such leaves was much higher when the citrus seedlings were grown at high (32 C) rather than at low (24 C) temperatures (32) . The specific effect of high temperatures on symptom expression of "Stubborn" had been noted earlier (40) .
Using very young leaves from "Stubborn"affected Madame Vinous sweet orange seedlings grown under phytotron conditions at 32 C in daytime (16 h) and 27 C at night (8 h), we were able to isolate and grow in pure culture, in liquid broth as well as on solid medium, a mycoplasma-like organism (49, 50) . That the microorganism cultured was not the result of contamination by an animal mycoplasma was based on the following: (i) the organism was only obtained from "Stubborn"-affected citrus leaves, never from similar healthy control leaves growing next to diseased material; (ii) the organism was isolated and grown consistently in 17 independent experiments with "Stubborn"-affected leaves but never in 11 independent assays with healthy leaf material (50) ; later, 22 out of 28 experiments gave positive isolations (5 1 ); (iii) sterility controls, including uninoculated liquid and solid media, were used in each experiment and never showed any signs of microbial growth.
At the same time, but independently, Calavan and his group in California (19, 20) also isolated and grew a mycoplasma-like organism from "Stubborn"-affected young leaves of Madame Vinous sweet orange seedlings which gave the same small, fried-egg type colonies (diameter 0.1 t o 0.2 mm) as those described by Saglio et al. (49, 50) . However, cultures obtained in California contained also some spherical cells of undetermined relationship, averaging 0.6 pm in diameter and enclosed temporarily in a wall-like coating 55 to 9 0 nm thick (19) . More recently a pure culture of a mycoplasma-like organism has been obtained by this group (20) .
The first mycoplasma-like organisms grown by Saglio et al. (49) were isolated from sweet orange seedlings affected by a California isolate of "Stubborn." Soon after, a mycoplasma-like organism was also isolated from various citrus plants in Morocco (50, 51) . Our belief that both the California and Morocco isolates are actually mycoplasmas is based upon their colony morphology on agar, the ultrastructure of the organisms in liquid and solid media, their isolation and cultivation in the total absence of any antibiotic, their resistance to penicillin, the absence of reversion to walled forms after 10 passages in penicillin-free medium, and the low guanine plus cytosine content of their deoxyribonucleic acid (DNA) (26 f. 1 mol 70) (51) .
Additional information on the initial recovery of the two organisms and some preliminary data on their biological and morphological properties were presented elsewhere (J. M. Bovk and P. Saglio, Proc. 6th Conf. Int. Org. Citrus Virologists, Swaziland, August 1972, in press; J. M. Bovk et al., Conf. N.Y. Acad. Sci., January 1973, in press).
In this report the serological and biological properties and the taxonomic position of the isolates recovered from "Stubborn" disease of citrus are discussed.
MATERIALS AND METHODS
Origin of isolates. The California strain (=C-189) of the "Stubborn" agent was isolated from a Madame Vinous sweet orange seedling graft-infected with "Stubborn" disease. This seedling, together with 23 others, was kindly made available to us by E. C .
Calavan (Univ. of California, Riverside) and shipped to Versailles (France) in March 1969. The seedling was grown in a Phytotron at Gif-sur-Yvette (France) at 32 C in daytime (16 h supplemented with artificial light) with 80% relative humidity, and at 27 C at night (8 h) with 60% relative humidity.
The seedling was moved to Bordeaux in March 1971 and grown under the conditions described above. For this work, a new isolate of the California strain was prepared from the above seedling in November 197 1. This seedling is only one of the plants from which 16 other successful isolations of an MLS had been obtained previously (49, 50) .
The Morocco strain (R8-A2) of the "Stubborn" agent used in this work was isolated in June 1971. Budwood from a severely "Stubborn"-affected Washington Navel tree was collected in February 1970 in the Tadla area in Morocco and propagated in France on sour orange rootstocks. Several of the budIings showed typical "Stubborn" symptoms. The budling used here is the same as that which had been used in an earlier successful isolation and cultivation experiment (50) .
Preparation of inoculum and pure culture of the "Stubborn" agent. Very young leaves (1 t o 2 cm long), showing early leaf symptoms of the disease, were collected from the respective "Stubborn"affected plants, rinsed with water. and ground in a mortar with a small volume of penicillin-free liquid medium (50) . The homogenate was passed, under sterile conditions, through a 450-nm membrane filter (Millipore Corp., Bedford, Mass.), and a 0.5-ml portion of the filtrate was added to 3 ml of liquid culture medium containing 20 pg of phenol red per mi. The cultures were kept at 32 C. After the pH indicator in the medium had shown a color change from red to yellow, 0.1-ml amounts of the liquid culture were transferred to an agar medium. Fried-egg colonies developing upon the agar medium were transferred back to fresh broth of the same composition as that used initially, and the cultures were incubated at 32 C. The organisms were maintained through at least 10 serial passages in broth, with periodic subcultures to agar, before being used in the present work. In addition, prior to detailed characterization studies, the California and Morocco isolates were cloned by selecting single colonies from agar plates seeded with a filtered (220 nrn) broth culture. This procedure was repeated three times.
Culture media. The broth and agar media used to isolate and obtain pure cultures of the two strains reported in this work were described earlier (50) . In brief, a conventional mycoplasma medium, containing yeast extract and 20% (vol/vol) horse serum, was modified by the addition of sorbitol (7% wt/vol), tryptone (Difcoj (1% wt/vol), sucrose (1% wt/vol), fructose (0.1% wt/vol), and glucose (0.1% wt/vol). This complete sorbitol medium (SMC), without antibiotics, was employed in the initial isolation of the citrus organisms and in studies on the optimal growth temperature, antibiotic sensitivity spectrum, and DNA characteristics of the two strains described above. L-Arginine HCI (0.42%) was also added to this medium for most subsequent investigations on their biochemical properties.
Several other media formulations wele also employed for specific biochemical or serological tests, as noted below. These included the usual mycoplasma broth, supplemented with 20% horse serum, yeast extract, glucose, arginine, and bacterial inhibitors (HSI) (26), and a modification of this medium where the horse serum was replaced with 1% bovine serum fraction (Difco-044 1 ). The organisms were generally grown in deep broth tubes and under both aerobic and anaerobic (5% CO, in nitrogen) conditions on solid media at 32 C.
Tests for sterol dependence. The sterol requirement for growth of the California and Morocco strains was determined by both a broth (45) and an agar (16) method. The inoculum for each of these tests was prepared from organisms grown in serum fraction medium (SFM) for 3 days at 32 C .
Filtration studies. Actively growing, 48-h-old broth cultures of the two strains in SMC medium were diluted 10-fold in phosphate-buffered saline (pH 7.4) contaiiiing 0.2% gelatin. Filterability of each diluted suspension was determined with a Swinney hypodermic adaptor and a series of membrane filters with average pore sizes of 100, 220, 300,450, and 800 nm. The number of colony-forming units (CFU) per milliliter was determined for each of the original cultures and their respective filtrates by conventional plate countdilution procedures on HSI agar plates incubated under anaerobic conditions. Biochemical tests. The procedures used to determine glucose, mannose, and esculin fermentations, arginine and urea hydrolysis, phosphatase production, tetrazolium reduction, serum digestion, and film and spots reaction have been reported elsewhere (1, 56). Tests for the presence of pigmented carotenoids were carried out with the technique of Razin and Cleverdon (42) . Susceptibility of the plant mycoplasmas to sodium-polyanethol-sulfonate (SPS j was assayed in two separate laboratories by the disk method of Kunze (30) . In one laboratory, the test was performed with 55% SPS ("Grobax" Roche), and organisms were grown on HSI agar plates incubated (32 C) anaerobically for 7 days. The other laboratory employed similar procedures (E. A. Freundt et al., Zentralbl.
Bakteriol., in press) but used SMC agar plates. The ability of digitonin to inhibit growth of the organisms was determined with a tube method slightly modified from that described by Razin and Shafer (44) and with an agar plate method (E. A. Freundt et al., in press). In the tube method, various concentrations (7.5 pg to 1000 pg/mlj of digitonin were added to tubes of SFM broth containing glucose, arginine, and phenol red. The level of digitonin inhibiting growth was obtained by noting those tubes in which a shift in the pH indicator did not occur. A sample of culture from all tubes was examined by dark-field microscopy to confirm the presence or absence of growth. The plate test was performed essentially as the SPS sensitivity test by using filter paper disks ( 6 mm) soaked with 0.02 ml of a 1.5% (wt/voi) ethanolic solution of digitonin (Merck) and dried overnight at 37 C (E. A. Freundt et al., in press).
Action on erythrocytes. Hemolytic and hemadsorption activity of the isolates for guinea pig erythrocytes INT. J. SYST. BACTERIOL.
--0'09' (G -l-' ) + 1.660 g/ml was determined by procedures previously described Optimal temperature for growth. A 50-ml amount (36) . 100 of antibiotic-free SMC brothmedium, containing 100 pCi of carrier-free ( 3 2 P) inorganic phosphate, was inoculated with 0.5 ml of an exponentially growing culture. A series of tubes was filled with 3 ml of the seeded medium and closed tightly. Pairs of tubes were placed at 20, 25, 29, 32, 35, and 37 C. Growth was measured in one tube of a pair after 25 h at the respective temperature and on the second tube after 48 h.
To measure growth in a tube, a 0.3-ml sample was taken from the tube and mixed with 3 ml of 10% trichloroacetic acid containing 0.1 M NaH,PO,. The precipitate was filtered on a glass fiber disk and rinsed six times with 5 ml of the trichloroacetic acid solution, once with 1 ml of a mixture of equal volumes of ethanol and ether, and finally twice with 5 ml of ether. The radioactivity of the acid-insoluble precipitate was counted with a Tracerlab FD 2 gas flow detector. All determinations were done in triplicate. Corrections were made t o account for ( 3 P) decay. Using this technique, the acid-insoluble precipitate from a 0.3-ml sample of an uninoculated liquid medium had a radioactivity averaging 40 counts/min.
Test for serum dependence in SMC. A series of tubes with 2.5 ml of inoculated SMC was prepared in which the serum concentrate decreased by one-half. One tube contained no serum except that present in the inoculum (medium 1 , Table 1 ). All tubes contained 10 pCi of carrier-free ' P-labeled inorganic phosphate per ml and 20 pg of phenol red per ml. Growth was measured after 48 h at 32 C from the incorporation of 3 2 P-phosphate in acid-insoluble material as described above.
Antibiotic sensitivity. For each antibiotic examined, a series of tubes with inoculated SMC medium was prepared in which the concentration of the compound (micrograms per milliliter or International Units per milliliter) decreased by one-half. All tubes con tained 20 pg of phenol red per ml. Growth (at 32 C) was detected by the color shift of the pH indicator from red to yellow, and final readings were taken at 72 to 96 h. For most inhibitors studied, the boundary between the tubes where growth occurred and those where growth was inhibited was very sharp.
Amphotericin B (Squibb, France) was treated by the procedure of Rottem (47) , and all tubes contained 10 pCi of carrier-free P-labeled inorganic phosphate per ml and 20 pg of phenol red per ml. Growth was measured after 48 h at 32 C as described above.
where p = buoyant density in grams per milliliter, and G + C = moles percent of guanine plus cytosine. The melting temperature (T,) was determined in 1 X SSC buffer by using a Beckman DU spectrophotometer by the method of Marmur and Doty (39) . Temperatures in the cuvette were measured with a thermocouple connected to a recorder. The G + C content was calculated from the T , by the equation Polyacrylamide gel electrophoresis. Organisms grown in the SMC broth medium for 4 days at 32 C were sedimented, the cell proteins were solubilized in phenol-acetic acid-water (2: 1 : O S , wt/vol/vol), and the extracts were then examined in polyacrylamide gels containing 5 M urea and 35% acetic acid (41) .
Serological procedures. The growth inhibition (GI) and the metabolic inhibition (MI) tests were carried out essentially as described elsewhere (7, 53) . The plate immunofluorescence antibody (FA) test was performed both with the direct and indirect techniques (1 2,46).
Properties of DNA. DNA was extracted by the method of Marmur (38) . The preparations had an optical density ratio of A , , , / A , , It was also apparent that glucose and arginine provided some essential growth factors needed to maintain the organisms in both HSI and SFM broths since the strains did not survive in either medium in the absence of these supplements. Classical fried-egg colonies were observed with both strains when broth cultures were transferred either to SMC or HSI agar plates. The colonies obtained o n HSI agar ( Fig. 1 ) were similar in appearance t o those previously noted on SMC agar (50) . The amount of growth on solid medium always seemed greater when the plates were maintained in an anaerobic environment ( 5 % C 0 2 in nitrogen). The appearance of bacterial forms was not observed when the strains were grown for over 50 passages in broth or on agar in the absence of penicillin. The two strains did not produce the "film" reaction, although "spots" were apparent on SMC' agar plates after 8 days of incubation at 32 C. Gram stains of each strain from three different media all showed gram-positive pleomorphic filaments. The organisms possess a helical structure at certain times in their growth cycle, both in situ and in liquid culture, and are infected with a tailed bacteriophage, as is illustrated in another report (8) .
Dependence o n serum for growth. The growth of the California strain was dependent on the presence of serum in the SMC medium, as illustrated in Table 1 . Some growth was obtained with medium 1 t o which no serum had been added. This medium was not serumfree since some serum was introduced by the inoculum. The upper limit of serum concentration resulting from the inoculum is 0.4%.
Dependence on sterol for growth. The growth response of the Morocco strain to cholesterol incorporated into 2 liquid medium is presented in Table 2 . The organisms did not grow in a serum-free medium, but a small amount of growth occurred when Tween 80 was added t o other supplements in this medium. Cholesterol, in amounts of 5 t o 10 pg/ml, provided significant enhancement of growth, although larger amounts (20 pg/ml) appeared inhibitory. An agar plate test for cholesterol requirement showed similar results. Quantities of cholesterol in the range of 1 t o 5 pg/ml supported growth o n the solid medium, b u t . no growth occurred in the absence of cholesterol. Similar results were obtained in both tests when the California strain was examined.
Temperature for optimal growth. Figure 2 shows that the California strain has a sharp temperature for optimal growth, very close to 32 C. At 29 C and 35 C the growth represents only 30% and 24%, respectively, of that obtained at 32 C during the same period. Practically no growth occurs at 2 0 C or at 37 C. Identical results have also been obtained with the Morocco strain and more recently with a second California isolate (strain 3033). The optimum temperature of 32 C has been observed with strains grown in SMC broth for over 30 passages as well as with those having been tested after only two passages after isolation.
Filterability characteristics. An undiluted broth culture (SMC) of the Morocco strain contained 2 X 10' CFU/ml, and filtrates yielded 2.0 X l o 7 , 1.2 X l o 6 , 4.0 X l o 5 , and 3.0 X 104CFU/ml for the 800-, 450-, 300-, and 220-nm filters, respectively. Since we were unable t o pass sufficient amounts of the SMC broth through the 100-nm filter with reasonable pressure, counts on this filtrate were not done.
Biochemical characteristics. With the exception noted, identical biochemical reactions were recorded for both organisms examined ( Table  3 ). Positive reactions for glucose and mannose fermentation and phosphatase activity were obtained. Negative reactions were observed for esculin fermentation, arginine and urea hydrolysis, and serum digestion. However, the Morocco strain exhibited a positive tetrazolium reduction test whereas the California strain a The serum concentrations of the respective media must be corrected for the serum added with the inoculum. The inoculum consisted of 0.5 ml of a culture prepared with SMC medium containing 20% serum. After having reached the end of the exponential phase of growth, the inoculum was added to 25 ml of serum-free SMC medium. Samples of 2.0 ml of this inoculated medium were added t o a series of tubes containing 0.5 ml of the following solutions, respectively: horse serum (100% serum), basal medium (0% serum) (basal medium in SMC medium free of serum and yeast extract), basal medium with 50%, 25%, 12.5% or 6.25% serum. Incorporation of 3 2 P-labeled inorganic phosphate from a given medium into lipid-free. acid-insoluble material was determined after 69 h of growth at 32 C. (Table 5) . Ninety percent or more inhibition was achieved with antibiotic concentrations of 20 pg/ml or higher. The inhibition of both strains by amphotericin B is in agreement with the sterol requirement of the organisms (47) .
Action on erythrocytes. The two strains tested produced an alpha-type hemolysis on guinea pig erythrocytes. The California strain hemadsorbed some of the guinea pig cells (1+), whereas the Morocco strain failed to hemabsorb.
Growth inhibition tests with SPS and digi-
tonin. The results of sensitivity tests of the plant organisms to SPS varied between two laboratories. Tests performed on HSI agar indicated that both citrus organisms were sensitive to 5% SPS since definite zones of growth inhibition (4 to 7 mm) were observed. In contrast, tests carried out with essentially the same procedure on organisms grown on SMC agar indicated resistance to both 5% and 20% concentrations of SPS (E. A. Freundt et al., in press). The results of two different digitonin tests were in general agreement. The tube test on the two strains indicated that growth was inhibited by digitonin concentraa Expressed in milligrams of protein per 100 ml of b Serum-free medium alone.
medium.
Serum-free medium with 0.5% albumin and 10 p g showed a negative response. Pigmented carotenoids were not produced.
Antibiotic sensitivity. The California and the Morocco strains have the same behavior toward antibiotics and other chemicals ( Table  4 ). In particular, both are resistant to penicillin 
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Produces marked turbidity
Produces classical my coplasma colonies, at times with "fried-egg" appearance 95% nitrogen-5% CO, Strains Calif. and Morocco are identical but distinct from patterns of other Mycoplasma and Acholeplasma species 
a Concentrations of inhibitor between which complete growth inhibition (i) occurs (no color shift of phenol red from red t o yellow). tions at or above 30 pg/ml whereas growth occurred in the presence of 7 t o 15 pg of digitonin per ml. The plate test, using disks saturated with 1.5% digitonin, showed growth inhibition zones of 9 t o 10 mm.
Electrophoretic patterns of cell proteins. The cell protein patterns of the two plant organisms appeared identical t o each other ( Fig. 3) and were clearly distinct from the patterns of known mycoplasmas (4 1 , 4 3 , 4 8 ) .
Serological characteristics. The citrus orga-, nisms showed a close serological relatedness according to the results of the GI test (Table 6 ).
Metabolic inhibition of both strains was achieved with the same dilution (1/2560) of antiserum t o the California strain. In addition, fluorescein-conjugated antiserum to each organism showed reciprocal staining of colonies of both strains when tested in the plate FA test. Extensive serological tests carried out with antisera to over 50 mycoplasmas (Table 7) showed that all failed either t o inhibit the INT. J. SYST. BACTERIOL. The G + C content was also determined from the melting temperature taken as the temperature corresponding to SO% of the total increase in optical density (Fig. 4) . A value close to 25 mol % has been found in the case of the California strain (Table 9 ).
In agreement with its low G + C content, the D N A of the citrus organism, studied by X-ray diffraction, occurs only in the B lattice configuration whatever the relative humidity (R. W. Horn, personal communication). The genome size of the California and Morocco strains was determined from renaturation kinetics (54) in comparison with that of Acholeplasma axanthum (Bovine K , strain B 107 PA) and Acholeplasma laidlawii A. Figure   5 illustrates the kinetics of the second-order renaturation reaction. Table 10 shows that both strains have a genome size of the order of lo9 daltons, similar t o that of strains of Acholeplasma species even though the citrus organisms appear to require sterol for growth.
DISCUSSION
The data presented here indicate that the microorganisms obtained from "Stubborn"-affected plant material are not the result of contamination by human or animal mycoplasmas. The similarity in morphology of both the cultured organism and the organism observed in the sieve tubes of affected citrus plants (8) provides additional evidence that the organism grown was of plant origin. It is also apparent that the organism has unique characteristics not shown by organisms of the order Mycoplasmatales.
The overall pattern, described here and in a second paper (8) , of the properties of the two organisms recovered from citrus plants with the same disease is not unequivocal from a taxonomic viewpoint and hence raises some rather intriguing problems with respect to their classifica t ion. The colonial and cellular morphology, the ultrastructure (including the apparent lack of a cell wall), filterability, absolute resistance t o penicillin, inhibition of growth by antibody, lack of bacterial reversion, DNA characteristics (low G + C ratio, small genome size), and the cultural properties of the organism all seem to allow its classification within the class Mollicutes, order Mycoplasmatales (14, 17, 18) . However, many of these same characteristics are also shared by bacterial L-phase organisms and possibly other microorganisms. In addition, the citrus organism possesses other attributes, some of which indicate that it might represent a new mycoplasma, and others which indicate that it is not a mycoplasma at all. Helical shape and motility need not rule out inclusion in the order Mycoplasmatales. The shape might be considered a new characteristic which would require a change in the description of the higher taxa in which this organism is placed. However, motility and the presence of surface material much like that on the outer layer of the "Stubborn" agent has been observed in some On: Tue, 11 Dec 2018 00:07:02 VOL. 23, 1973 SPIROPLASMA CITRl GFN. AND SP. N. 1' ) ' ) mycoplasinas, as is noted in ultrastructural TABLE 6. Growth irihihitioiz tests witti studies o n the citrus organism ( 8 ) .
'I'he nature of this outer layer is of impor- much as all known members of the order ibly C'O p 1u.y 111 LI t ( I le.7 and eve n Lphase o rga n i s 111s are gram negative. a situation thought t o be compatible with current beliefs that retention o f the gram stain complex depends upon the presence of a cell wall of special structure. I t is pertinent to point o u t here that definitions of the or d e r ill.^, co p Iu .r I iz u tu 1r.r s t a t e t ha t organ i s in s in this order not only should be devoid of cell wall but also must lack the ability to synthesize mucopeptide and its precursors (i.e., muramic or dianiinopimelic acids) ( 1 5 , 17, 18) . Obviously, the shape and motility of the "Stubborn" agent invites comparison with members of the order SpirocliucJtalrs. All of the latter, however, possess axial filaments or other flagella-like appendages as well as a well-defined outer layer or periplast of triple-layered and sometimes periodic construction ( 2 3 ) . The latter may be the site of the muramic acid isolated from spirochetes (2.3, 5 7 ) and may therefore represent a modified cell wall (34) . Whether or not the outer layer of the ''Stubborn" agent is similar to that of the S p i v ocliurtules must await further ultrastructural and o f Lspirop/astna cityi. A, Calijorrlia slrairl; B, M~~~~~.~.~ biochemical studies, including a search for st rain.
cell-wall precursors. These results will influence 
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Source of DNA Acad. Sci., in press) seems to indicate that the plant agent is not serologically related t o the several spirochetes tested.
Even though the classification of the "Stubborn" agent as to class, order, and family is dubious at present, we feel that it is sufficiently distinct from other microorganisms to warrant its assignment at least to a new genus and species. More particularly, the studies reported here show that the two serologically identical organisms recovered from "Stubborn"-affected citrus plants are serologically distinct from recognized Mycoplasma and A choleplasma species. A comparison of the cultural, biochemical, and biophysical properties of the organisms, presented here and in another publication (8), supports the serological results and confirms their unique nature. We therefore regard these organisms as belonging t o a new genus, for which we propose the name Spiroplasma (Gr. n. spira a coil, spiral; Gr. neut. n. plasma something formed or molded, a form; M.L. neut. n. Spiroplasma spiral form). The term "Spiroplasma" was suggested earlier (1 1) for 
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